INTRODUCTION
There is continued interest in 6nding chemical or biochemical predictors of the biological activity of tobacco smoke. One approach to the problem has been to select enzymes which are responsive to smoke and to base a predictive test on enzyme inhibition (1:). Published studies indicate that the inhibition is frequently due to reaction of smoke with sulfhydryl groups. Evidence for this has come from studies of inhibition of dehydrogenases by smoke (2) and from the fact that the presence of added cysteine can decrease the inhibition (3).
Our own approach to the problem has been to develop assays for speci6c properties of smoke; properties which we feel are of biological importance, and are attributable to a class of compounds rather than one speci6c compound. An example is the redox property of smoke, which can be measured by the ability of smoke to reduce dyes (4) or oxidise ascorbate (5). Our attention was drawn to redox characteristics during some studies on the effect of smoke on biological electron transport systems. It was found that some of the disruption of the system could be ascribed to the reduction by smoke of electron acceptors such as cytodtrome c. Continuing our search for simple tests which might be related to biological activity, we have recently studied the effect of smoke on radical-initiated polymerisation of vinyl acetate. It has been shown that certain classes of compounds are capable of retarding benzoylperoxide-initiated polymerisation (6) and in fact anumber of anticancer drugs have been demonstrated to have strong radical inhibitory properties (7). It could be expected that some of the reactive species in smoke would be capable of reacting with free radicals thus retarding vinyl acetate polymerisation. Using the procedures described by Georgieff (8) , we have investigated the effects of smoke and a number of pure polycyclic aromatics on this reaction and the • Roc~ived for publication: 15th February, 1973 .. results are reported in this paper. Due to differences in apparatus, the inhibition factors obtained for certain reference compounds were somewhat lower than those found by Georgieff. However, the values were self-consistent.
MATERIALS AND METHODS
Vinyl acetate, free of stabilisers, was obtained from Gulf Oil (Canada) Ltd.. Benzoyl peroxide was crystallised from chloroform prior to use. The polyaromatic hydrocarbons were tested for purity by melting point and thin-layer chromatography; where necessary, they were crystallised to constant melting point. Glassware was scrupulously cleaned by a sequence of washings in methanolic potassium hydroxide, chromic acid, distilled water and 6nally methanol. The test-tubes were dried and stored in a dust-free warm-air oven. Cigarettes and cigars were smoked to the standard regime of one 35 ml puff of 2-second duration per minute to butt lengths of 30 and 50 mm respectively. Pipes were smoked on a specially constructed machine drawing one 35 ml puff of 2-second duration at "lo-second intervals. Particulate matter was collected on weighed Cambridge filter pads for tests on unfractionated smoke. Hydrocarbon-enridted fractions were prepared by the method of Grimmer (9). For this fractionation the condensate from 5D-75 cigarettes or 3o-4o cigars was collected by electrostatic precipitation. Solutions of potential inhibitors were prepared in vinyl acetate. When the smoke was trapped on a Cambridge 6lter, the entire pad was macerated in the monomer and 6lter fragments were removed by 6ltration. If smoke fractions or hydrocarbons were being tested the material was dissolved directly in vinyl acetate. The concentrated solutions were all made up to contain 5 mg of inhibitor per ml. The tests were carried out in duplicate by placing -ro.oo ml vinyl acetate and 20 mg_ of benzoyl peroxide in 2oX1:5o mm glass test-tubes; o.oo, o.o"l, 0.03, o.o5 and DOI: 10.2478/cttr-2013-0325 The tests on vapour-phase samples were achieved by drawing the smoke from the cigarette through a Cambridge filter directly into a prewashed test-tube containing 8.o ml of vinyl acetate, cooled in an ice-bath (see Fig. : 1). One to four puffs, excluding in all cases the lighting puff, were bubbled into the monomer. The tubes were then removed from the apparatus, 2 ml of vinyl acetate containing 20 mg of benzoyl peroxide were added and the mixtures were immersed in the water bath. The time required to reach a spontaneous boil was recorded. A control was derived by bubbling the appropriate number of puffs from an unlit cigarette through the trap. Least squares lines were fitted to the data and from the slopes of the lines, the inhibition factors (delay in spontaneous boiling) expressed as minutes per ppm, were derived for solid or liquid inhibitors. In our tables, to facilitate visual comparison we have expressed the results as min. ppm-1 X :Los. In the case of vapour phase the results are shown graphically as seconds per ml of bubbled vapour (Fig. 2) .
RESULTS AND DISCUSSION
Ou~ initial studies were J;lirected toward smoke vapour phase which we found was an effective inhibitor of vinyl polymerisation. As can be seen from the graph in Fig. 2 , one puff of smoke is capable of delaying the spontaneous boil by 240 seconds. The extent of inhibition showed a linear relationship to the number of puffs over the range which we examined. Information as to the type of compounds in smoke vapour phase most likely to contribute to this inhibitory effect was provided by Georgieff' s study of the inhibitory properties of a range of unsaturated hydrocarbons (8) . He observed that a number of conjugated dienes and trienes were particularly active. The vapour phase of smoke from flue-cured tobacco contains the following dienes (:to). The major component, isoprene, was tested for its inhibitory activity over a range of concentrations similar to those encountered in smok~ vapour (see Fig. 2 ). It was found to have an inhibition factor of 788 min. ppm-1 X :108 and calculations showed that isoprene alone could account for a high percentage of the inhibitory activity of the vapour phase. If one assumes similar inhibition factors for the other conjugated dienes present, most of the retardation of polymerisation by vapour phase . could be attributed to its diene content.
...
To confirm the hypothesis that conjugated dienes were the major inhibitors in smoke vapour phase, the unsaturated compounds were removed by passing the vapour through a 6 cm column of 7 mm I. D. containing :100 mg of 6o-8o mesh firebrick coated with 25 Ofo mercuric perchlorate (:n) and comparing its inhibitory activity with that of vapour which had been drawn through a similar column of uncoated firebrick. The smoke vapour which had been exposed to mercuric perchlorate caused no inhibition of polymerisation. That which had been in contact with firebrick alone had the same activity as untreated vapour phase. Nitric oxide (NO} is known to retard benzoylperoxide-initiated polymerisation of butadiene (12) . Its effect on vinyl-acetate polymerisation, however, has not been reported. Nitric oxide is known to occur in the smoke from flue-cured cigarettes at levels of about 6. !J.g/puff (13) . To determine the contribution of NO to the inhibition of vinyl acetate polymerisation by smoke vapour phase, a mixture of 363 ppm NO in nitrogen was bubbled through the monomer. The conditions of bubbling were identical to those used for smoke vapour and the quantity of NO passed into the monomer was equivalent to that found in 6 puffs smoke vapour. The polymerisation rate of the NOtreated monomer was identical with that of the control. It can be concluded, therefore, that under our experimental conditions NO did not appear to have any inhibitory activity. Unfractionated condensates were tested by macerating the Cambridge filter pads, on which the smoke had been trapped, in vinyl acetate and filtering the solutions to remove fragments of fibreglass. Estimates of the dry weights of material on the Cambridge filter were calculated from the predicted water content of smoke from the various sources. The smoke from a range of different tobacco types and smoking vehicles were compared for their ability to inhibit polymerisation; the results are shown in Table 1 . Each value represents a mean of 24 results with a coefficient of variation of 2.0 %.
Comparisons were made between the same tobacco types in cut and granulated form so that small samples of tobacco, of which insufficient material is available for conventional cigarette manufacture, could be induded in the test series. The granulation technique consists of grinding the tobacco and collecting the fraction which passes through a number 20 and can be retained on a number 35 mesh sieve (Tyler Screen Scale). The ground material is then poured into standard-cigarette tubes with a cellulose acetate filter. The yields of particulate matter from cigarettes made in this fashion have been shown to be comparable to yields from conventional cigarettes. The results indicated that there was no significant difference in polymerisation-inhibition factors between condensates from the same tobacco in cut and granulated form.
The results also showed that flue-cured tobacco had the highest activity with a value of 115 units while pipe smoking produced the lowest, 33 units. Intermediate values were found for air-cured, stem, reconstituted tobacco sheet and perique tobacco. Considerable significance has been attached to the presence of polyaromatic hydrocarbons in smoke. It is· considered that the polyaromatics are responsible for the greater part of the tumorigenic activity of smoke as measured by mouse-skin painting (14) . Smoke was processed by the method described by Grimmer (9) to yield a fraction enriched in polyaromatic hydrocarbons. A number of these fractions were prepared and tested for their inhibition factor. The results are shown in Table 2 . It can be seen from the Table that the enriched fractions did not have greater inhibitory activity per ppm than whole smoke. Analysis of variance indicated that no significant differences existed between the fractions derived from various tobacco types. The low activity encountered here may be due to· the presence of inert materials, such as aliphatic hydrocarbons, which do not inhibit polymerisation or due to the fact that the aromatic hydrocarbon mixture found in smoke (15) is not strongly inhibitory. We plan to purify this fraction further in the hope of detecting qualitative differences between smoke from different sources. A basis for comparison has been provided by investigating the inhibition factors of some aromatic hydrocarbons including both carcinogenic and non-carcinogenic compounds. Table 3 summarises the results. The carcinogenicity ratings giv.en to the compounds tend to be subjective since the hydrocarbons have not usually been tested for tumorigenic activity under the same experimental conditions. No direct correla,tion can be drawn between the ability of the hydrocarbon to inhibit vinyl polymerisation and carcinogenicity. It can be observed, however, that the active carcinogens all have high inhibition factors ranging from 273 units for 2o-methylcholanthrene to 869 units for 9,1.0-dimethyl-1.,2-benzanthracene. Weak carcinogens tend to have lower activities. Some compounds, for example 9-methylanthracene, do demonstrate a high ability to react with radicals formed during polymerisation, but fail to behave as active carcinogens. An explanation of why some aromatics are so much more prone to addition of free radicals has been given by Coulson (1.6) who has calculated localisation energies for a number of aromatic hydrocarbons. The "preparedness" of the hydrocarbon to react with an approaching radical to form a new C-C bond depends on the ease with which an electron can be localised in the hydrocarbon. Szwarc (1.7) has confirmed this work experimentally by measuring the rates of addition of methyl radicals to aromatic compounds. It was demonstrated that the logarithms of methyl affinities are linearly related to localisation energies and also, that the logarithm of the relative rate constants of addition of any radical R· to a series of aromatic hydrocarbons bears a linear relationship to localisation energies. The relative abilities of the aromatic hydrocarbons to inhibit vinyl polymerisation generally parallel their relative reactivities toward methyl radicals as determined by Szwarc. As a basis for interpreting our results with smoke and aromatic hydrocarbons, an explanation must be given of the type of reaction under study. The reaction mechanism in the presence of an added retarder has . been given by Kice (1.8). Three types of reaction can be involved in the retardation process.
1.. Addition or Substitution
Some substances react with radicals to produce another radical which may be too stable to enter the kinetic chain or is reactive along a different pathway. Examples of this type of reaction have been quoted by Szwarc (1.9) who studied the reactivity of aromatic hydrocarbons toward methyl radicals generated from acetyl peroxide.
The most commonly encountered transfer is of hydrogen which takes place from compounds such as phenols or amines and other mat~rials with active hydrogen.
R· + H~D-+ RH+ D·
HD represents a hydrogen donor; D· is unable to generate a new radical from a monomer molecule.
3· Inhibition by Radicals
Added free-radical species can intercept the radicals formed during the polymerisation process and produce inactive products. An example of this inhibition type was demonstrated by Bartl~tt ( 6) who showed that diphenylpicrylhydrazyl, a stable free radical, was a very effective inhibitor of radicalinitiated vinyl polymerisation.
The reaction can be described by the equation:
R· + X·-+RX where B.· represents any free-radical chain carrier and RX is an inactive product. The information about the three mechanisms of inhibition enables us to predict the classes of smoke components . which may be responsible for retarding vinyl-acetate polymerisation. This is shown in Table + More specific information about inhibitory compounds in smoke can be derived from the systematic studies by Georgieff (20) on substances which retard benzoylperoxide-initiated vinyl-acetate polymerisation. A selection of his findings is given in Table 5· As Table 5 indicates, many of the active inhibitors tested by Georgieff have been detected in smoke.
Chlorobutadiene and hexatriene have not been detected. However, other conjugated unsaturated compounds are known to be present (1.o) and inhibition due to this class of compounds could be expected. The free-radical diphenylpicrylhydrazyl is not known to exist in smoke but other resonance-stabilised radical species do occur and have been demonstrated colorimetrically (21.) and by ESR spectra (22) . They are sufficiently stable to exist for several days in smoke condensates. Our extension of Georgieff' s test to include a range of polyaromatic hydrocarbons indicates that some polycondensed compounds, particularly carcinogens, have high inhibition factors. However, the concentration of these materials in smoke is probably too low to make a major contribution to the observed activity. Our results to this point indicate that smoke vapour phase is an efficient inhibitor of vinyl-acetate polymerisation and that conjugated dienes, chiefly isoprene, are probably responsible for this activity.
The particulate matter presents a more complex picture: It is a relatively strong inhibitor and we find that smokes from different tobacco types and smoking vehicles have significantly different activities. The test which we are studying is basically a measure of the ability of smoke to intercept free radicals formed during vinyl polymerisation and thus disrupt the chain process. Consideration of the mechanisms of radical interception arid the types of compounds known to retard poly .. merisation, suggests that all three mechanisms, addition, atom transfer and free-radical coupling, contribute to the inhibitory action of smoke. The information which we have obtained to date does not enable us to decide which, if any, is dominant. Further investigation of the mechanisms is planned.
SUMMARY
A wide range of organic compounds, which are capable of intercepting free-radical intermediates formed during radical-initiated vinyl-acetate polymerisation,, have a marked impact on the rate of polymerisation of vinyl acetate. The efficiency with which a compound retards polymerisation can be estimated by measuring the time it takes for a mixture of monomer and benzoyl peroxide immersed in a water-bath at 70° C, to reach a spontaneous boil and comparing it with the time required for a similar mixture with added retarder to reach boiling point. We have tested the efficiency of smokes from various sources as inhibitors as well as a range of polycyclic hydrocarbons. Smoke vapour is str~mgly inhibitory and the activity has been attributed to conjugated dienes chiefly isoprene. Smoke condensates from different tobacco types can be differentiated by their relative efficiencies in retarding polymerisation. Fluecured tobacco smoke has the highest activity; smoke from reconstituted tobacco has the lowest; air-cured, stem and perique tobacco have intermediate values.
The effect of the smoking vehicle was measured by testing cigar and pipe-smoke condensates. The former has a value similar to air-cured tobacco but the latter has a very low activity.
Of the polycyclics whidt we scanned, carcinogenic substances generally showed higher activities than noncarcinogens. Some weak carcinogens sudt as anthracene were, however, unexpectedly active inhibitors. A polyaromatic-hydrocarbon-enril:hed fraction of smoke did not appear any more active than a crude condensate.
The mechanisms by which smoke inhibits polymerisation are discussed. All three possible mechanisms -substitution reactions, atom transfer and radical couplingprobably occur. It is not possible at this point to suggest whidt is the dominant one. 
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